Regulation of heparanase gene expression by estrogen in breast cancer.
Numerous epidemiological studies clearly suggest that estrogen is one of the main driving forces in breast tumorigenesis, but precise mechanisms of cancer promotion by estrogen remain poorly understood. Classically, tumorigenic effects of estrogen have been attributed to its ability to directly promote the proliferation of breast cancer cells. In addition to abnormal proliferation, interactions between tumor cells and surrounding stromal components (e.g., enzymatic remodeling and degradation of extracellular matrix) are critical for cancer progression, angiogenesis, and metastasis. We now report that in breast carcinomas, estrogen may promote these pathological tumor-stromal interactions through up-regulation of heparanase gene expression. Heparanase is an endoglycosidase degrading heparan sulfate, of the basement membrane and extracellular matrix. This cleavage affects tumor-stromal interaction, neovascularization, local invasion, and metastatic spread. However, little is known about transcriptional regulation of the heparanase gene. We identified four putative estrogen response elements in the heparanase promoter region and found that transcription of a luciferase reporter gene driven by the heparanase promoter was significantly increased in estrogen-receptor positive MCF-7 human breast carcinoma cells after estrogen treatment. Estrogen-induced heparanase mRNA transcription in estrogen receptor-positive, but not in estrogen receptor-negative, breast cancer cells, confirmed the promoter study data. The estrogen effects on heparanase mRNA expression levels were abolished in the presence of the pure antiestrogen ICI 182,780, indicating that the classic estrogen receptor pathway is involved in transcriptional activation of heparanase. In vivo, exposure to estrogen augmented levels of heparanase protein in MCF-7 cells embedded in Matrigel plugs and correlated with increased plug vascularization. Collectively, our data suggest a new molecular pathway through which estrogen, independent of its proliferative effect, may induce heparanase overexpression and, thus, promote tumor-stromal interactions, critical for breast carcinoma development and progression.